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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a heterojunction bipolar 
transistor of superior high-speed property. 

SOLUTION: This semiconductor device has a sub-collector layer 2, a 
collector layer 3, a base layer 4, an emitter layer (InGaP layer) 5, and 
an emitter cap layer 6. which are formed by in sequence respectively 
overlaying them in a predetermined form at one face side of a semi- 
insulative GaAs substrate, and also has a heterojunction bipolar 
transistor of such a structure that the inner end part of a base 
electrode 9 is overlaid on the margin of the emitter layer 5, and the 
base electrode 9 is electrically connected to the base layer with an 
alloy layer through alloy processing of the emitter layer 5 under the 
base electrode. The emitter layer 5 is selectively formed on the base 
layer 4, and the base electrode 9 is extended from a peripheral part of 
the emitter layer 5 to the base layer 4, and the alloy layer is extended 
up to a depth in the middle of the base layer 4. The edge of the base 
layer 4 is positioned more to the inside than to the outer edge of the 
base electrode 9. 
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(57) imm miL-^) 

31^:7^83, ^— XJi4 , X5 •yiJ'a ( I nGa P 
«) 5feJ:tAxS.-/:J'df-V"xre6Sr*-r.Sfcfct{c. 

>5r 0 *^OB?iB'<-xmffi<4^-x«fiiT«0Hiffex 5 .y rJ' 

^-T.mi.^zmmi.zm'^^ix. -mu^-:^mmims. 

X5 .y ^Jico^»g5^*»^>BuK'<-x«tc:jt(tT®« 

mu-^miimi^-:xm<r)!iit^u^\iZiX'mtL 
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leji 5 -y ^mco-^^m^izx i>-^^mi,z x -? t mriB^- 
:^mi,zmMmzmm^it^mm(^^^am'^j<-( --k-^ 

m^msi ^mim^cr)-mmi,z^ti^'tim^m^ 
^zm<XMi3ixm^^iih->ry^u:^:^m, rnv^^m. 

<-xJl, xS.y^';ifcJ:lXx5.y:J'df^-/rii^ir-r 
^ i: i: t {c: , MiEx S -y i^m<r)mWi±.\iZ^—x.m^<r>^ 

iex5 'y^mff>^^xm^ziih-^^mi,zi:'oxmd.^- 

:^mi.zmmn,z^m^ixhitm<r>^'rxn^ju 

Jl<?3lii«f!nex S .y ^'JKOiS i 0 1 rtfflJfciiS^S t i: 

t iizmm'^-xmw,mm^-xm^zm.wmL l^tv >« 
mc^GaAsmx-m^^ti, Mie'^-xiWipacoGa 

AsST-^^^^tl, friexS •y^J'SJinMcOI nGaP 
iiT-m^iX, BOlBX * y >yre«nM<^)G a A 

s ST'j^^^ixT v^i, ^ t t:nmt -ri>f«*^ 1 :r!;sis 

[fS^^Sl otIBI nGaP*»^,^Sx5-y:J'S{41 

5—3 0 nmSJ^c7)Jf^t:;:5r-5Ti'->.i>^i:^!NHSi:-rS 

1 Jbmm^m4 cov 1 «tciB»<o^f*^ 

a. 

[ if 6 ] MIBx 5 -y ^ «®cO«JlgP:}i-J4 B«iia<- 

-rtm^m 1 ;n)Mis^3S 5 ot, ^•rfi.*^ 1 mizsm<^^m 
f*^a, 

c it*^ 7 ] mti^-xmrnnmrmi}^ p 1 1 ^ § p 

t / T i / M o / T i / P t / A u i: ^ -3 T V % i, t 
-thm^ 1 e <0V 1 «{c:iB« 

[it*:^8] I nGaPXS yrJ^jlcoll^Srtg, 
-xaJiE$$'tB. '<.-;^«fii<^T®(!OPt<^JIl$$^ 

fc-tm'Mz^ ■:,x\>^hzbi:mmt-r^ n^m 1 j^mw 



«3S 7 1 mizmLt^^mni^m.. 

U-^^J-S, '^-Xii, XS y^-aiJir/XS ■y^J'^-V-y 

m<r)o-hm^<7^^Wm^:i^y^>yLXfS\^J'<9-y 

m. x5 ■y^Mfc.tt/xs •y:^'4c--vyrJi$-j^^-r'S)t 

tHz, HuiBx5 y^a±(cxS -y^mfiiSrj^^t. fr 

ffix5 'y:}^m(^mm±izfi^mm-t^m^i>'<.-xmMi: 

frlBn^i7^B±ic3^^';?|ME2:J^^L, 
OH«ie<-;^mfii«0T<^x= •yrJ'JIJr-^^iyigifC-^^ 

-th^i^^m<7)mM:fomx'$>^x . 
mii^i^^crt—mifZ-^y^uip^m, :3V9^m, 

^-xm, x5 y^at5J:t^x5'y^':^f-v-yr«i:^|. 

MfB^ 1 «fii«5rx y ^v^ffl vx h LT MIBx 5 y 
^ y r« 5r&^<i#f*ji $rx y ^^'^ L -C^^Aim 
IBx* .y i^m<nmx *) trtWc^r^xS -y ^af A' >yr 

aulBx* .y rJ-^^r •yr«t>J;ymiex5 -y ^Sffi5r«^ 

1 mffiJiSra 3 J: 3 lex -y f-v^/fflvx $r 
L^cf*H?IBx$ •y9mt^j:^^Wmi::i^'y^>yLX 
:^%y^m'kmm-^JMt. 
iulBx -y f - y^^ffl-ex :7 LtzmmSJ^MW^ffi 

-mm^i.zin vu-jxvrxif^m^L. 
m^mm-^ 1 1 tic^as^^ y 7 mibx 
5 •y:}^m<Dmm±:6^(>mii'<~xmt^h^mtiim±i,z 
M^xmtEthmmMmizx^^-xmMtmsMii 
mws b mim 1 mMm±{,z~w: lts^t t mimmm 
x'm^^tLhf^2m&mti,zj:r>xji^ y^m&tirm 

HufB^-xmStOi'l-iggB^B-SrSiK^-li-A^OHuiBxS -y ^ 

&-t?>tti>i,zmi'<-xmiiXx/^u^i'mt^^^ 

mmmi:Tyr-/r -y h:C'y^yi^-ri>xm.i: 

m^m 1 0 ] ^® , 

:3\y9Sm. ^-xm, x* y:J'etjJ:t;fx5-y^'^-v' 

>izm^Lxmi.-^fnv?^m. ^i^i'^m. ^-x 

m. x5-y:?'«t>j:l^x5-y^^-vyr^§rj^j^-r-l>i: 
LUz, lUIExS-y^'Sifcixs •y^J'mfiiSrJ^^L, b? 

ax* 'yif^m(^mm±i,zp^^^i3im^h-<.-xwm?: 

Jg^L, msd.:nV'?9mHzaV'9 9W&^m^L^ 
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m^mm-^m i mmmiMRmizmm-t^jimt . 
•yrmt^j:h^v^m^:i^'y^>yLxmmtm 

Lfef^miexS -y ^Jii:^:S^l^f*^SrX.y^>':J^LT 

xs-y^a^jg^-r^xet . 

-mm^mzii^h\^'j:KY'7X9im^L. ^t>i,zw^ 
m^mm-h 1 1 1 tc^as^j-s- u 7 1. msx 

5 ■y^^i7)igmJi*»<i>tulB'^-XJli:^|,^#:JI±lC 

Tii^$^^^ll2mfi6®^:t3J:-^■Cx$ y^mx&b^m 

fli£'<.-xmfii<Oi'hSSS5ia-^Siaj$1f*^OH!riBx5 .y:^' 
S^x 5 y ^m^iSr^o J: a icx y^y^fflvx:? 5:?^ 

^-rs b hi,zmti^-^mmtmsi<-:^mtimmm 
mL^\'^xdizmm<-:^mi3Xx/aui^^m<r)mtim 
iBx s .y i 0 t>(^ii(c{3a-r.?. i 3 tcT>-r- 

^ y hx-yf-y^Sr^f dXSfc2:*i-i.ii:Sr^i:-r 

»^co— ®(C nMOG a A s ;i*^A>^S-9-y3^^' 
Jl, nMcOGaA sJi*»^>^S3^^':J'^, pMtfOGa 
Asm*^^^i>^—:^M. nM<^I nGaPJi3&»^>^:S 
x5-y:5'®. nMcOGaAsJi*^<^^^x5-y:J'dfA'-y 
r^2r)iBai:je«-rSi:i:tlc. bWBx* -y ^J-^JiJgK^r 

X y f-A' V h fc-^S'^X y h Jl yf-y^lCj: oTX .y f- 

SrXy^-^y hilf^'^Xy hXy^y;rtCj;-oTX-y 

[^^JS 1 2 ] BUfe'<-:^«®i^TilA-'P 1 1 
P t /T i /M o /T i / P t / A u T-J^^-r -S. C: i: Sr 

[is*« 1 3 1 n«3a 1 :n>M«*S8 iztm^tih^ 



[000 1] 

mim. ^m^:hmmmmt3XxfMmmmmm.izmt> 

Cffl<7)S^t:5r^'^.xo^g^y^'-^,■^f- 
5 h 5 yi'x^izmm Lxm^^j:mnzm-ti,. 

[0002 ] 

(Heteroj unction Bipolar Transistor: HBT)A^^^> 

y^'jjL-iU) i,zm^&ttix^m$ixx\>^^. 
[0003] HBT(i. imfmm.<r>-m (±m) ±.i>z 

dz^ :icr>n\y9 9m±.\,z^^mz^-xm^m^L^ 
r>md.^-:^m±J.zU^mzr;^ K^-nV H^^-y7"co^ 

»ftc*»^.^i.x5 ^y^m^jm.\^tzmmz^j:'>x\^h. 

[00 04] ttz. x5.y^i:'<.-xS<:0ii.-iS:^-^'JT 
OSS-^tC XhmnOim'^f^^-thtzMZX. S >y 
S- 1 n G a PJii: L^il^^b*S:3'=5r< «!Stt**iS;v^ I 
nGaP/GaAsHBT*5»/i,tl.TV'»|,. ^/I:. 

Lx. :mmi^%>m^m.^mm {c)ifim\.^hixx 

[0005] :L<r>X 0 ^«JS{S, fzt Ui. Internatio 
nal Electron Devices Meeting Digest p. 191, 1994 (Hi 
gh-Reliability InGaP/GaAs HBTs Fabricated Self Ali 
gnedProcess) {c:fB^$ixTV-v§, 

[0006] ClcOiJtiRtCti, fiffi14[Sl±<OJt46<-XS 
±{cfH,vx*.y:J^«SrJSL, ^<^±JiiZ^-xmm:m^ 
L, H!|fa^V^x5■y:5'S$r:^^LT (To^-ft.) :t-5-y 
9mM^mWL-thnBTt'^W^^ixX\^h. ^fz. 
xSP^«0^1fx.y^y^{4, friB'<.-xm«i«r-7X:J'i: 

•r.?>RJEtt'f:tyX-yf->-j/ (R I t^i-oT. X 

s-y:?;!, ^-xmaxi/^n-i^ 9m^x. y^yyLx 

[00071 — ^r, #^^102502^tc:{i:, <-xmi,Z 

mi^m<^mmmmLxm-^mm^m^m< trzHBr 

(x= y^mifil nGaPt^rSGaAsj^HBT) 

t ^-xJi i; <0:t- $ >y S^SrtfS fflittc:^ o 
[0008] m-n. !»ra^9-36131^^^{3{i:. 

• ^\^9^m^m.imm-htztb\^. ^-xasrxy^ 

>':^-r-S.IS^, 'i'X y hx-y^y^^Ji^ggiiMir-C^-xm 
«^ffiW$rffij«$-^S«{fi (xS.y:?&AI GaAsi: 
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[00 09] 

A 1 GaAs/GaAs^HBTlCfcti 

[00 10]— :^r, *ajm/.c*3(r^-cji, x5 /:?;i2r 

I nOaPt-ri. I nGaP/GaAs^^HBTcO^ 
SrJtiltTV^^, *HBTt;:i5V->Tt A 1 GaAs/G 
a A s B T t iXT V , 

[0011] -e^T, ^I^BJ^tS^-X - 

[ooi2]0i4Hai9 ii^^m^tiim^tz^wm. 

izftiL o Tfi o fz^i^m<7)mm:}Tmi'Zi^iy h mxh 

Sl4{C^-ridt, ¥^ttGaAs3&>^>^&* 

e{i»^*^<b±^C|^i]*»-:)■C n*MG a A s *>^>^&-tf 
y3^^'^'Ji2, nMGaAs*>/:>^?.3U:J'^'Ji3, 
P*MGaAs*^^>^S'<.-XJi4 , nMInGaP*^ 
^>:$r^x5 /:$'ii5, nMGaAs*>^>^^Jc5 /^^ 

[00 131 ^i^'tC, 01 4{;S^-rJ;3tC. X5 ./^-df 

^fSISimffiSSa^mLJtflfc. C:<7)mim«i«8 

a5:x-yf->-^^ffl-7Xi?fcLTx.y^Vi/5rtfv\ ^Si 

1 mmm a a c^m^j; o t p*gffli tea^i. x s <y 
[0014] orfc, ^wmL 1 ^o±®^B!I^«^^:^ f 

L'v'Xb-7X:J'SrmL. ^ ty\,zm,W§^mm- h t b 

h{,z^ msmmm(n^^^^ y 7 hitym^zx ostR 

Wt-K^*tT. ai SCC^-Tiatc, xs-y^df-r-yr 
a6±lCB![ffilg 1 mSiiiS a t-5cLTS^-l.m2«fii 
«8 b $r^f£t-rill «Gi€8 a hll2«fiE€8 b (CJ: 
oTx* -y:5'««i7Sr?^^-r&i:i: tt, tuiexS-y:}' 

^ A' y 6 <omm<,z^—xmm. 9 iim^-th . 
tfi±^ \^^t-h-t>^<r,^^^x'=^mix^mth 1 1 

i>iz^ |gl«€i^8a<?5»««xS y^'^-vyT^6<0^ 



^ -y rji 6 fc ii-^<^mmi:mx T (aa^s i ^ tw^r 

mmmmiiPt. n. mo. Au^sr^jitjg 
^Lfzmmz^':>x\^i>. 

[0015] 01 etcs^-f J: dtc, imm*^i> 

t£h-7:x9 (:r. y^y^m-?:x9) 1 0 ffiex $ y rJ' 
«ffi7tiiOf^ragB^$:M^<<-xmfii9^^3 i 3 

mm.-thtthi,z^ SBssTXy^A-yht-rs'^xy h 

x.y^>:J^tJ;-,T I nGaPx5-y:?Ji5$-r>'r- 

f?yhx.'y^y'^-t:h. Zcom^. InGaPX= y5' 

[0 0 16] m 7ic^-rio{c, Miex-y^ 

V:/fflVX:J'10, XSSi9. XS y rJ'flS S:X>y 
^V-^^fflcT)-?-;?.:? t LT^— XJi4-^3U:J'^'«3 i:^ 
$r y ^'KSrx -y ^A- y b i:-r ^ -^x -y hx -y 
f->'^{cJ:-3-CTvr-7;? y hx.yf-yi/LT'<-;2:« 
4tej:t^3U^'^J13S:Jg^-r^« <IcOT>':J^-;* y h 
X y ^ Vi/lc J: o -C^-XJi i: 3 U ^' ^ Ji t OlSI<?)«-^ 

[0017] L-*»L. mif2tiKfc:il.x.yf-y:J^tctjv% 

T{±, ^-xmMcr>mfmmx'h^T i . uot^m^^ 
ismLxmm±<^^:^-}' 1 o<7m*^tit/'m^x^-^-yy 

m6b^—xmM9t(Om(r>l nGaPXS ■y^J'iiS*^ 

^Bi^mz-nmiz^^. 

[0 0 18] *3t. 01 8tc^K-rJ;5lC. ^-XWl^9 

COmmX'ii I n G a P m*^^±l>Zf^^ ix-f I n G a P 

x-yf->'j5^ao mmi 1) i3^^LxL^ozti)<h 

[0019] ^Tt, U VS(CJ:l.>>Xy hx-yf-i^i^-C' 

44, ai 9iz^pTJ:dkz. mmis.1 i*^*tt-r-&S5^ 

^<^«S1 l*«vxj5'i:^r>T<-;^Sj&«x>yf-i^ 

^^tl-f. jt»>O^C7)T«3P^:5'JltX-y^V^$iX^ 

c^fcc^3'<-;^ • nl'^'rJ'X y-j-y^^^i 2i)^^-t 
L;^c 0 , • 3 P mm&coii % ifi^ 

[ 0 0 2 0 ] *^J<0gW»4. Ka^ttcOSV^'VT^pgf 

-^y<^ h 7>'i^';^:}'fc<ki/^-e<?)m:«rffiS-Ji«^ 

hZ.b\Zhi>, 

[0021] *l6B3<Ofl6<OBW<±, 'vxngf-^>'NM.-K- 
;ta6«0x y . xmSE^^x 5 -y rJ'Sco 

[0022] *f&BBcOfl!y7)a6<l{i:, 'vxa^-^ys'^^-K- 
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[0023] ^^^mcomcomma. h BT^m^'^^t^ 

[0024] *%B^OBijie^f>l/C-e^0(J*^cr)aWtSi 
[00251 

[0026] ( 1 ) ^i^mm<r>-mmi,z^tL^'nm^ 

^-^h t i: t> . fnex 5 -y 9m(r)Wm.k.\.z^-:Kmm 

^-xm^zmm}izmm^tihmm.<^7-r:imr^u 4i 
s.-y^miimi^-:^m±(>zmm}i,zm^^tL. h?ie'< 

(,ztx'miE.Lx\>^h, msi<-xm<mimm'<-xm 

'<.-;^.B{ipffi<OGaAsa-CJ^^$n, HUiexS ■y:5' 
«{i n M« I n G a PJlT'0^$il, MISX S -y 
•yr^(inM^7)GaAsJiT'J^^$iXTV'»'l.. BUf 2 I n 
GaP*>(^^^x5 y^aai 5~3 0 n mSgiOH^ 
tc^oTV^S. MlBx5-7:5'^o^SS^<±Haie'<.- 

«ffi{ifiTil*»P t P t/T i /Mo/T i /P 
t/Aufc^SroTV^S. I nGaPXS «y:?Jico^$2r 
tg, '^-^^Jim^SrtB, '<-;^.«fficOgTJl«Ptco 
l»$$-tpti: L^-ci:^. tpt^2ts. tB>2tptC0n 

[0027]C:c7)J:a =5:^«^a«mT<o:^fc J: o 

[00 28] ^^^|s»K<^-Bt::-9-7'3^^'^«. 

x5 y ^mmz/I.^^y^^^'•y•rm^m&^htt i> 
(tz. BtriExs-y^'ajitcxs .y^flSiSrj^^L, iriBx 

L, mti.^\--9 9m±.izav'^^mmim^h. t^-om 



^wmm.mm.-m^x'h'yx , mz^wmi<r>-m 
itz-^yau^^i^m. ^x^^S'm, x5 y:^'ii 

iiiVxS •y^'Jf+-yrBt:3r&#ifi^tlsJlSr)i<iCJg^ 
•r^Igi:, Miexi -y^^af-v -yrJlh^r^^f^ei 

tcx 5 .y rj'mssr^t^-r-?*^ 1 mmm^mmn,zmm- 

fiiex* -y9^-T^yy'mt^j:h^mWm^:J^'y^>yi. 

Xmmt/^mil:^^ y ^«fli£7)»J: 0 trtffl!ltc^|,x5 -y 

^^^'vrm^^m-hJMt, miexs-y^j'^-v yT- 

WfcitXroiaxS •y^'«fii$-«^-f S|gl«flMS:ad 

J; dtcx-y^yi/ffl-eXi??:Jg^L7ttlfcfriexS -y^Jf 
i:^^^f*c«Srx.y ^y:/tTx5 .y ^'a$rjg(£-ri, 
ISi:, Birfax-yf-y^fflvX:?$r^L;^cf^B!iie^ 

i>i,zmMmimm'h 1 1 1 tc^ssptji-sr y h^^m 
izxomiiL. friax $ y m<^mm±j)^ h mt^^-x 

^-xmm t msm i miiJi t i sfii«±ic-^ 

tTa^r^mlB«Si«-C'««$iiS|g2«Siahtj:o 

TX5 y ^'mffii: Srj^^sxei: , msi<-xmm<o 

^'H^^2rllti}$-tJ:*>oMiEx5 -y ^ii^xS .y^J-^fig 
SrS 3 J; p lex -y i/ffl-ex^' ^m^-fh i: i: t> icm . 

y hx.y f-yiZ-r^.igi: S o 

[0029] ¥«^GaAsa)K*»<^^:l>^#Ja« 
®{CnMcOGaA sa*^^>^S-«^7'3l'^^«, n 
M«7)GaAsS*>^>^S3l^^':J'Jl, pScOGaAs* 
A^^^-?)'<-Xii, nMcT)! nGaPJl*>^>^^X$ .y 
^a. nScOGaAsa*>/^0r€.xS.y:J'dj-^.yr;i$: 
S i: t . Buiex * >y ^'«{4«i!f-x .y ^ 

A-Vht-f ■S'^X y hX yf-i^:/tC:J:-3TX.yf->-^ 

•X^-VVh fc-^S'^X y hX y^>'^^t:j;-5TX>y^y 
sgiai nGaP*>/i>:5:i,x5-y:?S{i:l 5 — 3 
0nmS«<7)»$(CJB«-rS. BfrlB'<-Xttffi«igT« 
P t i: S P t /T i /M o /T i /- P t / A u T?^ 
^■r-S. I nGaPX5 y^jlir)i5$5rtE, <-XJi 
/¥^$rtB. '^-ATOi^^fiTScOPtco/P^Srtpti: 
L7ti:$. tptS2ts. tB>2 tpt<7)M«$:S|;frJ: 

a{CB5iB#Ji^m-rs. 

[0030] ( 2 ) mfE#S ( 1 ) (m^co^^x^m^ 
f^^:V:—yhvy=Jx-Sf{,zii\.-^X^ Wi'<.—xm<^mi^ 
HulBx 5 -7 J: 0 1 rt(Sltcfi[«t- ^ J: 3 tcfltlSi- 

htt *>t~H5iE^-x«fii(iH5fe'<-x@fca[fif^U 

[ 0 0 3 1 ] CCOJ: a ^*ISf*^S«HinB*S ( 1 > <o 

rJ'SSrT^'rJ^-^ y hX<y^>'2>^-rSBg. ;?.«<^g 
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[00321 ( 3 ) BUfe#S ( 1 ) ^/cJi^a ( 2 ) CO 

[0033] ( 4 ) Htne^g ( 3 ) <oiSjgs[m:^3tiiiisg 

[ 0 0 3 4 1 fiie ( 1 ) <0#S{C iixJf . ( a ) '^.-X 
mSS-Jg^-rSWclgK-C'I nGaPxS ■y^J'Bcox-y 

[00351 (b) T i-«5>Moc7)rfA3&ie^ft< 

0 . mffi±^OVX *<iij*>'txli< '5r0,x5 y^dr-v-y 
rafc'-s-xm^tcDrGltfOI nGaPX* .y^il*5x y 

[00 36] (c ) i^/c. Ti^MotfO^tigl^tCior 
5tt-r S!t«!«*<x -y ^h^h ^ 

tzib. I nGaPXi y^^fiX y^yi/fflVX^tC^ 
^^iXX^^^mzJi y^y^^tl^ I nGaPOaSEcO 

«-^vnM .1^- 5 h 7 y J^'X ^ ^tl«fc-r S i *«-C# 5 . 
[00 3 71 ( d ) x y^>-j/B#t::'<-xm^oa:ft*s 
5&^LS<^.g>i:i:i>{c, x y ^y^/fflvx^coiiJSit 

[0038] ( e ) X.^®inMl nGaPX* y 
^-X^T<r> n M I n G a PX * -y ^'S«i'<.-X.«ffi 

—^t%ixxw>^l,x^^^>:L}:.1J^t>ru^m<ri^'^9■9m 

[00391 ( f ) l?nBro^fl:{±nMI nGaPX* 

•y :?«cOB:fr[6]t:: t jttf/^*^> , x 5 -y ^ .y r^«o* 

'Y(r>^-:>^mwit<nw&.^^hr\3^m t <7>m<r>m.m.i3^ 
^-:^mktcr>mmizaMLxm< ^ o ^ '<.-xfi!jtR 
B<7)is«*-ii/i. (HBT) <r>mmmmtih. 

[ 0 0 4 0 1 mie ( 2 ) i^iJf , tulE^S 



( 1 ) eo^mizMtx . <-xmW)'^<-xmi,zm.mn 
mizm.mthXo<,zy^*). '<.-x - ai^^^^ra^ao® 

m'iti^t>l,Z:k^<-thZti^X'^ h . 

[ 0 0 4 1 ] lifia ( 3 ) ^o^^a^cii^t^, %wmw& 

ht^X'%h, 

( 0 0 4 2 ] Boia ( 4 ) (Ti^mzxtm. -m^wM-nm 

mWLX'^^, 
[00431 

m<Dmm^mm{zm^^^h. tea. mn<7)mm<7imm.^ 
m.m-thfcib<7y^mt,zii\^x, m-m^^^^hh<^i 

[00441 m\n^9\,ti^m^<r)~ 
mmmm (mmm.i ) x-hh^^f-^^^^'^^iii-'^v 

(HBT) \,z^iohmx:hh , 

[ 0 0 4 5 1 0 1 {iH BTtfD-|$$-^-r5^WDf®ia, 
ia2{i:HBTS::fir-t?.^*^SiO^W¥Ba0. 03 
(a) (ia 2 <59A- Alters dBrSH. 03 (b) {i0 

2 CO B - B 0 WSSTI!) , 

[0046] imVmm. l (7)'V7^n^^>'N'-Y h 5 

i'>''X:5' (HBT) {±, SSlC^-rip^rfiljtlC^o-C 

[0 04 7] HBTti. 03{C^-rJ:a{C, W$80/< 
mmm(nW^ (^#:^ : ¥^^GaA s««) 1 
<0— H ( ±® ) ±tcSS?fl<JtC n * MG a A s JiT-i^^$ 
( n+MGaAs-tynP^'rJ'fl) 
2*<^tt^tLTV%a. ■9-y3U^'^'Ji2<0»${S6 0 0 

[ 0 04 8 1 B>riB-9-r3U^^'ii2<0±BD4»*fc«nS 

GaAsjfCJ^^^il^nU^^S (nSGaAsaU 
3*it6^t'^>i^■rv^^. >Ic03U-i?:J'«3«8 0 
OnmmStfOifSti^SrS, 

[0 04 9 ] B!nB3U-^:J'S3coJi®W±p+ SGaA 
sST?^^^iX-l>'<— xa ( P*SGaAs<-XJi) 
4*^S^:^J:dtc;^(t^>ix-C»r^i., ^M^h^— 
:^mA\±n—o:>n-9—v{,zt£'^x\^h. vm.^—y>MA 

(i-fcO/f^T&iS 0 nmmScOff^tC^^, 
[0 0 50] B!rid'<.-X.a40±{C<inMl nGaP« 
■r-^^$tl.SX$ y^'B (nSI nGaPxS yi'S) 
5*^^{tA>flT»-^S. CliOxS -y^aScOflE 5-- 

3 0 n niSJS<OJ¥$ , :t i: xtf 3 0 n mS^C0Jl${c:3: 
S. 

[00 5 1 1 X5 •y^e5C0j^fflfc<i'<.-X.«4c0^ 
^J-A^Hai-tSi^t^^fo-CV^S. •ett. x5 y:J'Ji5 
cOi^^7E)> h^-xm 4 <0^^)-tC<i'<.-X ^ 9 <J5rt 

[ 0 0 5 2 1 iTt . mflBx 5 y 5cO±St{±x 5 y 
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netinMGaAsd^nSGaAsJlfc I nGaA 

si {±M) mi,zx^m'^^i^mTh'oxi>x^>K tz 

*>'nSGaAsJii:^'), ±«*^'nffil nGaAs«t 
^&2Ji^m^~=2:-5•CV^S. $ (?,tCTl«OnaG a A s 
JiS:«l!liSi:^iaK<^2®«jtfc Lffi?iSnMGaAs 

V\ 2)i«jSC0xS>y^'^A'-/TJi6ti:-?-<^)l$**3 0 
0 n mgJS<^IS§ . 

[00 53] BiIlSJ^5-/:5'^^r'yrJi6<7)±ffiWix5 
Ji*5Sgl«ffi)i8ak^0, ±JS*5||2«fiM8bi:'5: 

[00541 xS-y^J'^^ yneJi:, xS-y^'^^ y 
r« 6 ±lcS«?WtClStt ^.iXitlS 1 8 a S: -7 ^' 

i:-r&'>x-y ^x-yf-y^?'(3<^:•l.^f■^ Kx-y^y^^l'J: 
oTJg^^^i.'I.Jttf). xS-y^'^-vyrBeiO^*^'^! 

2//mgJKtc:^rl.o 

[00 5 5] tJt, S^2mffi@8bl3j:t^<-^«fii9 
iJi^^GaAs^ltOiffifflai-l'^^^^^'- 

5 -y ^J' Ji 5 comm i: ^ 1 SffiS 8 a crmm t (Ti^t^iz 

@«8 a±tr-fcast:rcm®i{iiS2m«i«8 b stai 

[00 56] mimffiJB8aO^*«x5-y^'^^ 
fcXS .y^dfA"yr«6fc(±-^iOBPaS:Pi-CTl5^ 

[0057] mimi9mm8ai)5Xt/^-^nm9ti 

Jf$3 0 0nmi7)WSi-CJg^§il.« l|2«Bil8b{4 

«fcTB*^Ptfc^.S.Pt/T i/Mo/Ti/Pt/A 
vi^zX^Xm^^il^^ m2«ffli8b<±'e<^/i$*i^ 
f!|:-C3 0 0 nmg^KC^:?.. 

[00 5 8] |g21|S&«8b<7)#)i«J*S^l«^?:W 
S>5rA>{f. Pt (15~3 0nm)/Ti (l~3 0n 
m) /Mo (1 0~5 0nm) /Ti (3 0~6 0 n 
m)/Pt (30~60nin) /Au (100-200 

nm) i:^ti>. 

[00 59] S^C, :*:«6jeSl«0HBT{±, -f-COlgji 

<7)mpizii\.^xf^!^^i^^ H5fei§2m®i8b<^ST 

JlOTPtfcnmi nGaPX5 y^Ji5i:«^^Sl 
(ra-f^t) Ta-f^WinSI nGaPX 



5-y^')15<7)^ai$tcH-5TlTi5iX, nSInGaPX 
5 -y ^J' Jl 5 fiOTS'^'^-X JS 4 coaJi^^i-t- * 

(Tn>fii) 2\t^m^h (H1#B3) . 

[006 0] ;«Ta>fJi2 ICO^-:^ • ^l^^^J'Sf^ 

[006 1 1 ttz. ra-f^mnMI nGaPxS y^ 
S5C0ffi:*ri6]lCt3itfi^v:J6, X5 •y^S'^-v ■yr«6C0* 
T«0*ttffi«i: r o-f Ji 2 1 i: coH<OffiSI*«S<5: 0 . 

-<.-xmmRi<nm,ifm.^ (hbt) os^it 

[006 21 tti. ziU^^m3i}^(y9Vtifz^^-:il'f 

gTS*^'P t fc^r-S P t/T i /M o/T i /P t/A 

ufc^o-CV^I.*^, ftTS(7)PtfcnSl nGaPXS 
•y rJ' Ji 5 fc i P * S G a A s '<.-XJl 4 <50fflSOff $ 
cOB^^tiolJ'cOidtcI^^TV^S. ■t=6riJ*>, InGa 
PX5>y^'B<7)Jf$$rtB, ^-XJllfSSrtB. '^-^ 
ttlicOftT«<^PtcO)i:$?rtpii: t7tt§, tptS2 

tg. tt>2tf^<7)mmmfz^mmiz^j:^r\,^^. ^ 

<Ott». rD'fl2 l«x5-y^'ii5S:*jiLT'<-;^ 
J14 fccoraT'Tf- S y ^?«-^A-*^fiStc=Sr«. i: k t>tc, T 
o-^Ji2 l{i'^--XB4rttC®^0, o\y99m3t\t 

nsm^zm^i'^s<'^£^. 

[0 0 64] m2SSiii8bt5<J:lX'<-X«Si9$rli^ 
-r&m^W^-HiftTJl*^'? t k^r«.*WT i /Mo/ 
T i /P tti, |Si5!!yai^-5-cO±<0«Sr1i^^2>ifeS*n=' 
<r)mi>z'SM'thcr>i:'m±-thm\t:m-zLX\^t. hfz 
iji-oX. Txn^m^^. nMI nGaPX=-y^«5^ 
p^SGaAs'C— XJi4^i^Ti , Mo, AuCOfiEli 

[0065]-:^. ^mmG3.Asw^iff>^mm,t 
mm<rmfi, a^ts&a. ^(^f*oA.y:?x-y^*i^icj: 

•C. 3>-:J'^'b?Lg?^^iSait/ix5-y^'«li7^^ 

[0 0661 H2{i=&ieiBll 5i:5'l-a5««^c^^'fr 

^f*:*^ 1 6com:^Tc50'C$>^. 

[00671 ^ft^ -y r 1 6<^4'*OIlj5^i|^-C7i^-r 
gp^^A?x 5 y ^H® 7 (CftiK? ix hW^l5 (xS-y:? 
lEiS 1 5 E ) TS) 0 . -C-f^rtfflS^O^T'^-r^fif^:^- 
3!)i^Kai^ffii^i:=5:*^5-yrJ'ffl«ffi^'«"/ HBPeT'*) 

[00681 BOiaxS y^li^l 5E2:HtfJ:3CJ^B£ 



t 
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iBiai 5 c^-xieMii 5B) T'S)'), i<nnm<r>^ 

[0069] H?fE'<.-Xffi^ 1 5 B(r>±Mi:M^mtsX 

u^-^mmisx'h^. c:^^{c3£*>& i o ten am^t- 

^^tlfzW>^miM 15(3 1^:7 rJ'ffiyi 1 5 C ) TJ) 

0. ^<r>'^^^i^^z&.m:th^x'f^'timmi^ifi9[- 

[0070] ore. ^mmm i i •& h bt& 
h^if^m.<mm^i.z-:>\.\xwi^h. mATimm 
9 li^mmmm i<^hb T<7)mm.yfm^i^-t^jLmx'cr) 

[0 0 7 l]m4l,zm-tXdiZ. 600ummM(7)m^ 
<7)^^m&G a As mm 1 CO^miZM O C V Dffi^M B 
EmizX-^X^^mi^m. ■r^i?*>n^MGaAs*>t> 
^|,^f7'3^-^:5'®2 C^Mife (Si) »S*>'5x 1 0 
I8cm3^-Cil$60 0 nm^] , nSGaAs*» 
'i>^.S.3^i?:5'il3 iT-mm (Si) ji|jK*n O'Scm 
'SJ^rlfSSOOningJgD . P*MG a A s*»^,^r 
|,'<-;?,Ji4 C^l€% (C) iag*Mx 1 0>9~1 XI 
O^CcmSSJK-Cll^SOnmSJK] , nMlnOaP 
*>/t>^«,x5'y^'Ji5 C^i^i^J (S i ) a|jK*«3x 1 0 
i7cm3-CJ5$3 0 nm^: . nMG a A s *>/i>:3r2. 
XS-y^'^^.yrS6 C)»S<i3 0 0ninSJKJ iMiX 

[0072] :i?m.^m 1 fl^CH^Ji L^UA>'x $ -y 
^ -V-y r Ji 6 tiTil^O n a G a A s Ji i: ±jicO n S I 
nGa.AsmX-m&'th. $ ^>{=. TflOnMGaAs 

[0073] ortc, m5\,Z5f^-ti:.ol.Z^ xS y^4f-r 
>y 6 fc ^^*#ftJl±(cx $ y ^«®£7)Ta$r«^ 

-rsiPsiTOisas-. ^fflcomfissm. *hx yf- 

>y^mm<r>:Hmx'm^ Lfz^. :i<^m i «^ s a & 

x-y^>-^^ffl-7X:;'i:Lt:x.y^>-^^SrtTVV ^^*»'b« 
Emlm®18a^Oi^J:0^>rt^8!l^c:§|oa^/i (gi-^a 

X$ .y^df-v yra6$:J^^-r-5.. ^I-^^^^^ 

ft$a{i, i^ct^jfo. 2Mmmmx'h^. mfiemim 

®S8 a{i7ti:i.(f3 0 0 n m ^011$ COWS i T'ig 

[00 74] one, 06(c;^-t<J: die, Bufex5 y:J' 
df^>yTa6*>J:t/mi«fiie8a$:?I3id(c:I nG 
a PX 5 -y 5 Jifc:«5Miffi*>A>^SX -y f->'^^fflvx 
^'SO^r^^-ri.i: tttc, Cicox -y^ix^^ffiv;^:^' 3 
O^rfflV^-CtSKtiiin^X y hx.y^v^j^JrtTV'inMI 
nGaPX*.y^'®5^Xy^>'^<L, P*MGaAs 

-^mmi)^ttcm^^tix\^^\.^:Lti}^^^ ^-xws^ 



mmxh § T i o § , xmmzx 

-y X h WSiz i o Tx y ^ ^-^^A^iSff c: 

*<:3r<, x.y^vj/ffl-7X^3 0lca^$*iT«»JK^r 
x-yf-^-^i^nTlgC^I.. LitJ&^'oT, 01 8{cS^-rJ: 
•5^:»aE<7)j^te#f8<^S. miex yf-^^ffl-ex 
^3 0t4, /ii:;t{4'/i:$2 0 0 nmSJg<7)Ji:$cOS i O 
z^T-J^^^ii-l.. tTt, x y^>'^^fflv;^^'3 0(04' 

'L4ZX. ^y^^A-yyme'^mi mmm s a ^<&mrr 
[007 5] oric, mmj^yi-yvm-?x^3o?:m 

* L.;tf*, *^5^G a A s S« 1 <7)±ffi^ffl^^^;^ h 

i^i^'x h'?x^i:m^vxi)^t,mw§^m&-r^t 1 1 

SMti. x$>y^'®5<?5*Stmi®®i8aco*Bi: 
<og||3{>«:*: 1^ V ^c: fc *> <?> <r)Smm^X'^tix^mt 
S^H. mim^8a±{C®&t<7)^:. x5-y^Ji5 
*5j;tX'<-x;i4±(cH-oT«.?>iOi:^&, -eUt, 
X5 >y:5'J15ioJ:Cf'<.-xa4±lC®l£-rS«®i*5-'N' 
^'--^'^^Sixl.. muz^JaoliZ^ mi 

«©i8a±t::-gcLTa^r^m2mfi§«8b{4, ISl 
«li®8ai:i:t,tcx$'y:J'«ffi7SrmL. xS-y^ 

[ 0 0 7 6 ] IS 1 «SiJl8 a<5D»*iXS .y ^df ^ .yr« 
6cOigiJ:'3t|gai-rSC:i:*»<o. '<.-;^«ffi9 tx5 -y 

-V -y rs 6 {4-^c7)raPS&PiTr{4^-rs i d 

^1). c:<?)SPS<iBiiie5l^)i^*$agjgi;^§. 
[0077] mne«fii«{4, Ba^<7)j; 3 l,zMTmt/^P t 
f Jg^^il^ P t /T i /M o/T i /P t /A u tci 

-yxm^^tih. 

[0 0 78] 07tc^-rx5-y^'mffi7coili(il . Ou 
migJK-CfcO- MWcO'<-x^9<7)*${i-eix^ix 

1. Oumm&Th^. Ltzti^-oX, ■^-:^mM9cr>!r\. 

^i)^i^fmtx'<7)^^ii3. OMmmmt^^. 
[0079] ortc. ^(?)^i!ic»«[i s-fSkjtsaL, 

-xmM9(^T<^l nGaPxS •yrJ'JiSSr^iOr^a^? 

tcH-5Tro>f-fb-rs. /^i:;ttf, ^ijiaati. ^mmm 
^"f, 3 5 0'cejgtfoia«T"3o^e^ffi>ns. ^ico 
m 1 ic^^-r J: a tc, <.-xmm9cr,MT^^c7) i 

nGaPX5y:5'J15 Ji^^lCT a-f S 2 1 {Z^iy^ t 
httc;, -5-<0T<0^— XS4<7)^JlgP:5J-tTD-f jl2 1 
fci^rS. *Jt, '<.-;^«fii9*«ia^«fi!trS'<.-xJi4 
<;o^gp^J-tro-f^2 1 L*^L, rn^J12 

wtav^^msiizt. x'imh h \ ^timmwics^sr* 
^m(nw.^ifmi^fix\^h, 

[0 080] -r^iri?*), |!rlBII2ltSi;i8bfcj:l^'<- 
X«E9 J4STii*»'P t i: P t /T i /M o/T i 
/Pt/Au t^roTVv^*^ fiTil^OPt t nMI n 
GaPXS •y:J'a5*Jj:tfp*MGaAs'<.— ;^S4<?) 



1 
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I n G a px 5 -y ^m<7im^ ?r tg . ^—xmw^ 

[0081] ^;t, B«iBTO'f®2 K^^-;^ • ni^:? 

[00 82] t.fz, TD^^biinMl nGaPxS 

T<7)*tt«i^i:rn'fe2 1 i: cOH<OffiSt*iffi< =5: 0 . 
'<-;^ffilJlRB<0{S«*«a*l. (HBT) COffijait 

[0083] <-XffiSiRB<Offiig{4, f^-rS^T 

[0084] oric. @8{ciK-ri o (c. Buie<-^« 

X yf->'^ffl-7X7 3 ISrJgfiKL. l;yl!2:fflv^fo'>x 
■y hX yf-y^tcioTp'MGaAs^— XS4t>J; 
tlfnffiGaAsaU:7:J'Ji3$^x.y^y:5^-ri,. 
«4fcJ:I/3b-:7^'Ji3(4D&|il— ^N-^J'-Vtc^l,. CiiT) 

X y-^yj/ffiVX^ 3 1 tH?teXjy^i^:/fflVX:J' 3 0 
i:|Biait3ff$ 2 0 0 nmgJK<0J|[$C9S i OzHfJ^^ 

[0085] Cicox.yf-yi/tcioT, 3Ui7^'e3fc 

ffllt:fi[a^Sr>-^^-* y MfBStc=5:'?, ^-X • 

[0 0 86] HBTom&r^WAi. «*fltg^:»3 (G 

mmmTm. ( f i : mmnnti^it^shmmL) . 
^mmmL ( f : g,.„*<i h^j:i>mm.) t«$ 

[0087] 

[i$:i ] 

_ 1 fx 

StcRbC 

[ 0 0 8 8 1 c: c: Rb i>i^-xmSK. c^^ii^-x 

[0089] 

[ik2] 



2 7t ( ^0+ t B+ t:c+ T x) 
[0090]C:C:T\ r^JixS .y:J'^»3£«^^, re 

[009 1] 

[^31 f„„= Cfi/ (S^tRbCbc) 3 
a3j:'5f„,*-'^i^tIi:iO«Ja»[Tffi3^i:*i-e^ 

[0092] fiti^:.-^;!, 3U-:7:5'JI(JDlijt-^'<.- 

:^mimm l IzXixHryr-yf; ■•/ hl,zX -> 
X^-X- 3P:J':?'S-^iga5:2/3S^/h (i^i'J 

[0093] L/SA^o T . 3|s^SfimiE 1 X'limkizMl 
LX^Ri: 2/3{,z-f h:ibiT'X'i h<7>X\ frSS8t3*> 

$ i>t,z±^ <^h^t ^X'^ -g. . 
[0 0 94] ortc. m9l,z^-tXol,z. ll*{4t=3rV^ 
xy^yi/^vx^^jg^t^cf^, *feaH4GaAsS 
« 1 ±0-9-y3 2cOigHSrx .y ^^iJ^fC^^ 

fm2}L{zav9 9nMi3^mm-h. 

[0095] ortC, ^MJtttG a A 1 co^ffifflj 

Sr. Jtti.{f^H4cOdtU^ 5 HffllW*^<^^i.^]Kl 
4 T'S 3 ^ 1 1 tc. i <7)^J1 1 4 ^mt^^. i)^-OJ<: 
•y^X y^i{iatcJ;&:spjfl'fl:Srfi^V>, $ /i>tC3>':5'^ b 
IWl&m. ay^^h H^^mOi LJtx 5 -y r?!:® 7 
aSr^-Sr^tfas^tc. 3S«tt«1sj (}ti:;t.«fAu) {cio 
TIHIS 1 5 $r^(t-S. (ia3#!!g) , 

[ 0 0 9 6 ] le^a 1 5 ^^iS'-yam 2 tc^-r i 3 
^. 

[0097] Og^'tc;. *«^G a A s«;K 1 
x-y-f-yjJ^tT. Tttiitf. ^i^i^GaAsftKlO 
«^$:S0//in^tcL7tf^, ^^^GaAsa;Sl 
S:^BrL.TI12fcJ;t/l33{c^-rJ:3^^«^M. 
^i?-^i|i^f^sf--yTl 6 5:JK^-r^. 

[0098] 01 oti^msmmi<^HBTi:mmm 
mwmx'hh. 

[0099] :mMsmm 1 <^afflaE«:>jtSifisga4 o 

(4, 01 Ocr>mwmi,z9ik-rJ:dlz. J'MiWtctiWV^r^ 

^*<^SIia«4 1 k . c:«oiBlsa«4 1 io— ffifflS 

ffll) tcaiaTffiO#ft^ii3t^^ yr4 2i:t::<t-:>-C« 
¥^(««itc!5>N- y^-i''4 3*«fli«S^t7t«jt{c^r-5 



4U • 
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C 0 1 0 0 1 Bufe>'N* y 3*><i>{i««W(;:?4i:L. 
[0101] a 1 0 tz9^-tX o iz^ VN- 

(Pin) , ^^VH^ (GND) , UW&^ (Vap 
-?-caJ:t)ffl^^ (Pout) , GND, llig^(Vcc) t 

[0 1 0 2] aJfjS«^jiiiii^E4 0{s, HI ic/)mm 

1 {i^««)ic7)iH^5««l t ^ 0 . WJmm4 1 c7)-ffiffl!l 

tn:^*^'@^^ixTV->l.. 01 lc7)l?Wl5im::fcv->r. # 

(Ci~ci 0) , JU^-^xay^y^ (CB) . fits 
(R1~R4 ) *<ffl^3ii^^TV^^. ^/c, Ql, Q2 

[0103] 3isii5fijK® 1 (^■mmmmnmm^m.A o 

<i. fctxJf, j^fijg?S»A<8 0 0MHz~2GHzffl 
X'mWM&ifi2. 7~4. 2V. aj:^3*»'2 8~3 2dB 
m, ^ai*3&«5 5~6 0%TS)l.. 
[ 0 1 0 4 ] 111 1 JislsllSgJgM 1 <7)H B T*^ffl;2ta^l 

tzimwmM.<r> i^x'rJ^m^im't'fu -y lat;-* 
^-rtco-cj>i., ^<r>^mMm\,zm^^t.ixh-mfm. 

[0105] ^^mi. ^ISS5 1 *3j:r/jMigtg5 

2 &q&-r§MSf5S5 0 1 . Buie^iSS 5 i {cfl<5:Si! 

s 5 2 izimmm^ix-hmmm^^mme 3 . ^sise 

4 i:^^h'<~-Xf<y HgP6 0 1 . mne'<.-:^>'^'^^ Kgp 

6 0lcS^^$ix|.RFyo y^g?7 0i:, lulfiRFyn 
■y^'S?7 0{CgE^$itSr>'x-^8 0i:, iine'<.->?.^N' 

>'Kg?6 0fcJ:lXRF7'n •y:7g87OtCg^§il0Jfflll5] 
S&9 1 ij il/a^df- 9 2 2r*-r.&$i|ffllS59 0 i: t 

[0 106] RFy\Jy:^m7 Olzliryr-f-X^ yf- 

7 l*5iS(t4><l-CV%i,. C:tfOT>'7":^X'f •yf-7 Iti, 



^7 6, ^^mmj:m^^ {-mwmMJ]m^m.) 7 7t- 
m^^ti.hmmu7 s</m.im)}Wm^7 7 1 . tmr 

[0 107] tfz. ^mi^^7 3iixr/mm^^^7 
6iim\^^'^y-^z^^r7 9^zmm$tix\,^h. 
[0108] mm?kx'<,i. mm^5 2i,zmt-':>xm^n 
tz'^p (^sfi-^) it. iHMss ix-wmmz^^ 
ix^tbhiz. mmm'^umme sx-mmm^iz^m 

tl. A^-:yX^i)?S6 4X'Ti'T=iyi}>i>7'>'i'Mz^m^tL 

^(^k. mmm^amm^ 7 s s =¥-9- 7 6 1- 
mmLi^y-^zv--^^7 Qtcioae^oja^tc^j^^ 
tL. ^^iz:^mmmi<7)Mm^mijm^m. (mmm 
:f}mmss) 7 7x^mm^ti. ry-r:>-x^ y^7ioflj 
'jmz.izx -oxry^i-aoi-i^mMt Lxmm^ti 

[ 0 1 0 9 ] sfi^T-ti. ryy-i-soiz^r.xmu^ 
tiit'^mmmiry^i-x-{ -,^7 \<r>m^7L\,z:^'> 
x^^U7 5 cni^mmm^^7 a x^w^^fit tth 
tc. ^ms.^^7 3X'mmL>-y^^^^7 9{.zi.^^ 

7 2{,zX'J,XWm^iXtthh\,Z. ^-X>'<>-HgP60 
comMS6 2X"fi^^f\m^i}^(>T^X3yis^lZ^^ 

[0110] ^tmmi<^m^mMmxii. 
:hm^m.7 7f}mm^t^tii>^tt-t,. 'Mmmmco:k 

[0111] :mimmnzxini. uiTi^sftasr^r-r 

[01121 (1) ^-xmm9 im&-t?>mi,zmrt:' 

I nGaPXS ■y:}'Ji5<7)X yf->-^$r^T3.rt*»^>, 

K-xmm 9 srm-r & m o i <7)?gA*»'je# sk ^ 

[0 1131 (2) t:^^, Ti-^MoiOg:ft*Sie#ji< 

^•l.j:t*»^>, '<-;^«®9co^B^W5&^Lil<^ 

7'Jli:'<.— X||«|9i:OHc?3I nGaPXS ■y:$'S5*< 
x.yf-y^^$tT|i<^ri?. '^T-oS^^NM;K-5h5i^ 

[0 114] (3) tJt. Ti-^MoCOjftft^tCio-C 

tlif>^ I nGaPxS ■y;5'^5{ix.y^y^ffl-7X^'{z; 
«^$<XTS»Je(CX-yf->-:/$iX, InGaPcoSilE 

(7)^^^:im^m<^h. z<omm. oym^zxh^-:^ 

m4ii^x/^V''p 9m3<r>Tyy-A y hx-y^>-^^« 
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[0115] ( 4 ) J^-yi-yi^mz^—xmM9coi^ 

[0 116] ( 5 ) 'v-^mffiQtinSl nGaPXS 
OB?E'<-— X^TcO nM InGaPX5y:?®5 (i'^ 

[0117] ( 6 ) frtern-f'fmnSl nGaPx* 

<nMT<^^-xm^^<n^'&.mmtTu-im2 1 t(^m 

-XfifiiR(,co(S«*i|lit. ig^ (HBT) (OHij^tt** 
[01181 (7) :*^lifeJgffil^0'^x^«^^A^;K- 
[0119] ( 8 ) 1 c7)iSja«m:^tiiigs 

[0120] ( 2)013 (i^^H^OfliliOSIM 
[0121] 2|s|li©^® 2c7)^T-nfg-^A>f ;K— ^ b ^ 

^'{i, 01 sii^-Tidtc. m^mmmKry^ 

'<.-xmfii9A<'<.-;2:S4^2Eig^gML^v^J: d 

tc, 3^i?:j'ji3ijj;t/f'<-xs4^'>x.y ^X"/^>- 
(>l<ziSM^fihZt.i,zt£h. 
[0 12 2] L;^c*<oT. 'vf-D^-^^NM--K-5h5:^ 

[01231 ia±*f|H^#{c J: oT^r^ii/tr^JS-Hife 

mmizm-:}^ M^mzm^Mttz^jK ^^mtiMmmm 
mi>zm^ztihi>cox'ii^< . -e<7)Si'^iaKL^v'>3i 



[0124] &±<^mmX'ii±t tT*^Hj^{cj:-,x 

$tl.l)t«OT'«^:<. /v:i:i.(f, I nGaP/GaAs 
'^f-Djg^1ijtS-fflV^y:;^T>'N'WX-<?>I nGaP/Ga 

[0125] 2|s:^HJ(i:ii'-^< fc t,'^.7^DS?-^:^<0^ 
[0 126] 

[0127] (1) I nGaPJl«rx* y^Jli:L, < 

-;^||®Sr I nGaPxS -y ^' if COT D^-fttc J: 

S I n G a P/G a A s '^.t'o 
S-&''W.-K-7h7>>'';^^'KtJV%T. InGaPX* 
•y ^«S:X -y ^y^-r ^f^{i'<->C«S^J^^-r-l. B? 
tcfi'dClt**^. ^— ;^«li«0x-y-?^>'^^(?3iS:ft;&s^ 
^5r< ^ 0 , '<-x«fiico^BS^'fb^-x«fiii;x5 
•y^S'^-V' yriitcora'OI nGaPX5 •yrJ'atO^^-fb!)* 

[0128] (2)^7t. '<.-X«SiT<0'<.— 

[0 129] (3) '<.-x^i:'<.-xJi&^M$-y:=Sr 
v^SJKtc:ri^:/-*>y hS-:*:3^<-ri.C:i:tcJ:'9. 

[0 130] (4) '^.-XSSiOftTJlcOPtt I nG 
aPx5>y:^Jli:«orn>f-ffc^0i,y--i6, To^filco^ 
±(,zi: oTxS -y -y rJl<;o*T^O'<.-XSI[S^*» 

[0131] { 5 ) 3|s:SISS?g.® 1 <?)A,^ntf -^VN'^ 

[0132] ( 6 ) :^mtmm i <D^mmM:hm<mmm. 
[01 ] ^%m<o-m^m {mm&mi ) •c*)^'st- 

[02] :^mm&m ICOHB Tir^-t^^ti^Seom 
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h^ms (b) iim2<r)B-Bmz^ommmx'h^. 

[04 1 2is;|IM}^®l<OHBTcoSitl=;tiV^-C^*« 

I.. 

[05 ] ifmmmi<^nBTcr)^\,zii\^X:c^ 
WISM0T'S>?.. 

[06 ] ^HSfeJ^SicoHBToSiitcfcv^-CJSKlcJ; 

[07 ] 2|s*MJB®lC0HBTc0SajtlC*JV^T'<-;^fl; 

[08 ] :i^mymm k^hb ToMmtcfev^-c i; vKtc 
Lfz^wmsLcom^mmmx-h -s. . 

[ 0 9 ] JlsllSfi?^® 1 <7) H B T(7)Sit (CtJ (, 3 V ^ 
«li*>'J^^$ii/c^#:*iKiO^WBrffi0T'3i^ , 

[01 0] ^¥m3mim.i(r>HBTi}mi^Th:iixfzmmm 
m))mmm^^-r^wmx:hh. 

^mx-hh, 
yo.y^'0fj>a. 

[0131 ^mm<r^m7m^mm. {mmmm2 > -c^s 
[014] ^^^n^im^fznBTcr)mm.^zi5»h3i^ 

«t*WBrBii0t:'i>S. 

[015] ^mm-ifm^tz H B T<7)»3g(Cfc(t 
XSffi^mL^C^*tcS«<O:K^e<)»rB0T-*)& . 



[0163 i^^^tfiU^tzHB. TC0SjttCiitt-&x 5 
■/ ^'BS-X y f-:^i5^L^^f*:S«R(7):K^e<)||Irffii0TS) 

I.. 

[0171 ^^^miPm^tcH B TWSitCtStt^g.'^- 
frS«£7)«5(:6<j|)iS0T'*) h . 

[018] *%Hj^*i^;^»^7tHBTcomiCfctt.& I n 
G a PX S y rJ'JiO'^/x -y hx y ^:x;rT'0^^3^|feS: 

[019] ^^B!mtm^rznBT<7)m^{,zmif:b'<.- 

•••3^^':?J1 ( nSGaAsai^^':?';!) . 4-- <— X 
a (p*SGaAs<-XJl) . 5-- X5 •yrS'Ji ( nS 
I nGaPXS -y^S) , 6-X5 y a- yrJl. 7 
-xS y^'mSi, 8a -mi^Jl. 8b-Sg2®6g 

9-^-xmfii, 1 O -x-y^v^fflv;?.^. 11 
-^gS. 1 2 ■•'<.->?. • 3 P-^rJ'X yf-y^^rS. 13 

15-EiK. 16--^ 

mi^^yy. 2 1 (ro^a) , 30, si - 
x.y^yi/ffl-7x;?. 4 0 - aif^«:»3iii|iS« (Mft 
m:hm^) , 4i-iaK««, 4 2-df-r'yr. 43 

...j^-y-y-i;^ 5 0 -3lSiSS, 5 1-SigS. 5 2 - 
jMSSb. 6 0 -'<.-^>'s>Kg5. 6 1 -gfifi^Jfia 

6 2-"aiS^, 6 3-iMfifl#^0iaifP, 64-^P 
§1. 7 0-RF:/n-yi?gp. 7 1-TV^-r-^-X^f -y^, 
7 2-1 FJiSSI, 7 3-gftS^^f. 74-i6iljSii 
lies. 7 5-^fig5, 7 6-i^fi5df-9-, 7 7-Bjg^ 

^^iiif^S (ili<i^:»5tg<iS) , 7 8- -ania5. 7 9 

■••jajS^i^>-fe1^-fif, 8 0-r>-7^-^. 9 0- 
9 l - $ijffll|l|g&. 92 --^dr-. 



[041 



[05] 
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[014] 





[HI 8] 

@1 8 



i 



[0171 

017 

6 



9 

5 




{72)mMm A^T^ F^-A(##) 5F003 AP05 BA92 BB02 BB05 BB08 

^Mmh^^y^x^m-Tm^mL BE05 BF06 BHOI BH05 BH07 

U^^^Bimm^^mm^^ ^OS BH93 BH99 BJ99 BM02 

BM03 BP95 BS04 BS08 
5J067 AAOl AA41 CA58 CA65 FA16 
HA06 HA24 HA25 HA29 KAOO 
KA53 KA55 QA02 QA04 QS05 
SA14 



